COMBINED CYCLE GAS TURBINE SYSTEM 

This is a Divisional Application of U.S. 
Patent Application Serial No. 09/9S3.509, filed 
September 27, 2001. 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to a 
combined cycle gas turbine system and. more 
particularly, to a combined cycle 9 as turbine 
sy3tem in which the temperature and flow rate of 
cooling steam are efficiently controlled and the 
heating of fuel and the cooling of gas turbine 

• ~ a nut bv steam 
blad e cooling air are carried out y 

generated at a waste heat recovery boiler. 

Description of the Prior Art 

Fig 10 is a diagram of a steam cooled type 
combined cycle gas turbine system in the prior art. 

gys tem is constructed by a gas turbine S, a waste 
Heat recovery boiler 9 and a steam turbine 29. In 
the ga s turbine 8, suction air is taKen into a 
compressor 2 to be compressed to a predetermine 
pressure, and while the compressed air is partially 
US ed for cooling a gas turbine blade, the greater 
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part thereof is led into a combustor 3 to be mixed 
with fuel 7 for generation of a high temperature 
gas. The high temperature gas enters a turbine 6 
to expand for work, and the turbine output, after 
deduction of the compressor output, is converted 
into electric power at a generator 1. On the 
other hand, outlet steam of a high pressure turbine 
21 flowing through piping 101 is partially taken 
to be supplied into the turbine 6 for cooling the 
gas turbine blade via the cooling steam supply 
piping 101. This steam is heated by cooling a 
steam cooled blade 51 and is recovered into an 
inlet of an intermediate pressure turbine 22 via 
cooling steam recovery piping 102. Thus, for 

cooling the gas turbine blade, the air bled from 
the compressor 2 and a portion of the outlet steam 
of the high pressure turbine 21 are used. 

While outlet air of the compressor 2 is 
partially used for blade cooling in the turbine 6, 
this air, being of a high temperature, is cooled to 
a predetermined temperature at a blade cooling air 
cooler 4a using a cooling fan 5 and is then used 
for the turbine blade cooling. Thus, the air so 
led from the compressor 2 is first cooled at the 
blade cooling air cooler 4a using the cooling fan 5 
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to be then supplied into the turbine 6. 

In the waste heat recovery boiler 9, outlet 
steam of a low pressure turbine 23 is converted 
into water from steam at a condenser 25. Then, the 
water is pressurized at a feed water pump 26 and 
heated at a feed water heater 10 to become 
saturated water. This saturated water is separated 
into three systems of water. The first one becomes 
saturated steam at a low pressure evaporator 11, 
becomes superheated steam at a low pressure 
superheater 15 and is then supplied to an inlet of 
the low pressure turbine 23. The second one is 
pressurized to a predetermined pressure at an 
intermediate pressure pump 28, becomes saturated 
water at an intermediate pressure economizer 12, 
becomes saturated steam at an intermediate pressure 
evaporator 14, becomes superheated steam at an 
intermediate pressure superheater 16 and is then 
supplied to an inlet of a reheater 20. And the 
third one is pressurized to a predetermined 
pressure at a high pressure pump 27, becomes 
saturated water at a first high pressure economizer 
13 and a second high pressure economizer 17, 
becomes saturated steam at a high pressure 
evaporator 18, becomes superheated steam at a high 
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19 and is then led into the 
pressure superheater 19 ana 

ft 01 The mentioned 

high pressure turbine 21. 

superheated steam enters the high pressure turbine 
21 the intermediate pressure turbine 22 and the 
low pressure turbine 23, respectively, to expand 
tor generating an output, and this output is 
converted into electric power at a generator 24. 

With respect to the abovementioned cooling by 
steam, it is impossible to use the steam in a 
quantity in excess of that o£ the steam obtainable 
at the outlet of the high pressure turbine 21. 
Hence, in order to secure a spare quantity of the 
available steam, it is preferable to reduce the 
£1 ow rate of the cooling steam to the extent 
possible. Also, if the cooling steam is made less 
in quantity, it becomes possible to control the 
temperature of the steam, after being used for 
cooling, with less variation in the quantity cf the 

* . m Especially, if the temperature of 
cooling steam. tspecidny, 

the cooling steam heated by cooling is maintained 
to a predetermined level, it will not only enhance 
the reliability and life of the cooled blade, 

^ „ of the qas turbine, but it 
rotor, pipings, etc. ot tne 

will also ensure an operation that does not 

damage the enhanced combined efficiency. In order 
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to reduce the quantity of the cooling steam, it is 
necessary to reduce the temperature of the cooling 
st earn . 

Thus, while the temperature of the cooling 
steam is necessary to be maintained lower for 
enhancing the reliability of the cooled blade or 
the like, in the system shown in Fig. 10, the 
cooling steam supply temperature is decided by the 
outlet conditions of the high pressure turbine 21, 
and it is difficult to further reduce the cooling 
steam temperature in this system. 

Also, the air bled from the compressor for 
cooling the gas turbine blade is once cooled at the 
blade cooling air cooler 4a using the cooling fan 5 
to be supplied into the turbine 6, as mentioned 
above, and the heat obtained by such cooling is 
discharged outside without use. This causes a 
reduction in the thermal efficiency (gas turbine 
efficiency and combined efficiency) of the gas 
turbine and of a combined cycle system using this 
gas turbine. Moreover, the fuel 7 is supplied into 
the combustor 3 without being heated (preheated) . 

SUMMARY OF THE INVENTION 

In view of the mentioned problems in the 
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prior art, therefore, it is an object of the 
present invention to provide a steam cooled type 
combined cycle gas turbine system in which the 
system is made such that the cooling of a turbine 
blad e is done by steam partially taken from an 
outlet of a high pressure turbine, and the 
temperature of this steam is adjusted by cooling 
water taken from a waste heat recovery boiler or by 
wat er taken from a condenser. A cooling steam 
supply system is made such that a moving blade, a 
stationary blade and a combustor transition piece 
are supplied with steam via their respective 
separate systems so that the steam supplied to the 
stationary blade and the combustor transition piece 
may be of a temperature higher than that supplied 
to the moving blade to thereby obtain a higher 
effect of cooling by steam in the respective steam 
systems. Preheating of fuel is done to thereby 
enhance the combined efficiency. 

in order to achieve the abovement ioned object, 
the present invention provides the following 

inventions (1) to (8) . 

(1) A combined cycle gas turbine system 

comprises a steam turbine having a high pressure 
turbine, an intermediate pressure turbine and a low 
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pressure turbine. A condenser condenses exhaust 
steam of the low pressure turbine of the steam 
turbine, A gland steam condenser is connected to 
the condenser. A gas turbine has a compressor for 
compressing air, a combustor for combusting fuel 
with the air coming from the compressor and a 
turbine for expanding high temperature combustion 
gas coming from the combustor for driving a 
generator. A cooling steam system cools the 
combustor and a blade of the turbine and a waste 
heat recovery boiler has components of a feed 
water heater, an intermediate pressure superheater, 
a reheater, etc., and is fed with exhaust gas of 
the gas turbine so that condensed water coming from 
the condenser via the gland steam condenser may be 
heated and vaporized via the components of the 
waste heat recovery boiler for supplying steam to 
the high pressure, intermediate pressure and low 
pressure turbines, respectively. The cooling steam 
system is constructed to comprise a moving blade 
cooling system having a water spray rate control 
valve for leading high pressure water from the 
feed water heater, a demineral i zer connected to the 
water spray rate control valve and a water sprayer 
connected to the demineral i zer for spraying the 
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high pressure water into a passage for leading 
cooling steam from an outlet of the high pressure 
turbine to be supplied into a moving blade of the 
gas turbine. A stationary blade cooling system 
leads a portion of the steam from the outlet of the 
high pressure turbine into a stationary blade of 
the gas turbine. A combustor cooling system is 
fed with steam from the intermediate pressure 
superheater for cooling a transition piece of the 
combustor, steam from the moving blade cooling 
system is recovered into the reheater, and steam 
from the stationary blade cooling system and the 
combustor cooling system is recovered into an inlet 
of the intermediate pressure turbine. 

(2) A combined cycle gas turbine system as 
mentioned in the invention (1) above has a sprayer 
provided so that water diverged at an outlet of the 
demineral i zer may be sprayed into the combustor 
cooling system. 

(3) A combined cycle gas turbine system 
comprises a steam turbine having a high pressure 
turbine, an intermediate pressure turbine and a low 
pressure turbine. A condenser condenses exhaust 
steam of the low pressure turbine of the steam 
turbine. A gland steam condenser is connected to 
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the condenser. A gas turbine has a compressor for 
compressing air, a combustor for combusting fuel 
with the air coming from the compressor and a 
turbine for expanding a high temperature combustion 
gas coming from the combustor for driving a 
generator. A cooling steam system cools the 
combustor and a blade of the turbine. A waste heat 
recovery boiler has components of a feed water 
heater, an intermediate pressure superheater, a 
reheater, etc. and is fed with exhaust gas of the 
gas turbine so that condensed water coming from the 
condenser via the gland steam condenser may be 
heated and vaporized via the components of the 
waste heat recovery boiler for supplying steam to 
the high pressure, intermediate pressure and low 
pressure turbines, respectively. The cooling steam 
system is constructed to comprise a moving blade 
cooling system having a deminer al i zer connected to 
a downstream side of the condenser and a water 
sprayer being connected to the demineral i zer for 
spraying water diverged from the condensed water 
into a passage for leading cooling steam from an 
outlet of the high pressure turbine to be supplied 
into a moving blade of the gas turbine. A 
stationary blade cooling system leads a portion of 
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the steam from the outlet of the high pressure 
turbine into a stationary blade of the gas turbine. 
A combustor cooling system is fed with steam from 
the intermediate pressure superheater for cooling a 
transition piece of the combustor. Steam from the 
moving blade cooling system is recovered into the 
reheater and steam from the stationary blade 
cooling system and the combustor cooling system is 
recovered into an inlet of the intermediate 
pressure turbine. 

(4) A combined cycle gas turbine system as 
mentioned in the invention (3) above has water at 
an outlet of the demineral i zer heated at an 
economizer provided in the waste heat recovery 
boiler so as to be supplied into the water sprayer. 

(5) A combined cycle gas turbine system as 
mentioned in the invention (4) above has a sprayer 
provided so that water diverged at an outlet of the 
economizer may be sprayed into the combustor 
cooling system. 

(6) A combined cycle gas turbine system as 
mentioned in the invention (5) above has a sprayer 
provided so that water diverged at the outlet of 
the economizer may be sprayed into the stationary 
blade cooling system. 
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(7) A combined cycle gas turbine system as 
mentioned in any one of the inventions (3) to (6) 
above has a drain separator provided downstream of 
each water spraying in the moving blade cooling 
system, the stationary blade cooling system and the 
combustor cooling system. 

(8) A combined cycle gas turbine system as 
mentioned in the invention (6) above has a filter 
provided downstream of each of the drain separators 
provided in the moving blade cooling system, the 
stationary blade cooling system and the combustor 
cooling system. 

In the invention (1), the cooling steam system 
is constructed to comprise the three systems of the 
moving blade cooling system, the stationary blade 
cooling system and the combustor cooling system. 
The stationary blade cooling system is supplied 
with a portion of the steam from the outlet of the 
high pressure turbine and the combustor cooling 
system with the steam from the intermediate 
pressure superheater, of which the temperature is 
comparatively high to that of the moving blade 
cooling steam, to be used for the respective 
cooling. Also, the moving blade cooling system is 
constructed to comprise the water spray rate 
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co ntrol valve. the de.insraU.er ana the water 
sprayer so as to be sprayed with the water taKen 
£ro m the feed water heater via a high pressure 
pump. By such construction, the water spray rate 
ia controlled by the water spray rate control valve 
and a guic, control of the supply temperature of 
the moving blade cooling steam becomes possible^ 
The demineralizer is one such as is usually used 
£ or removing dissolved minerals in the condenser of 
. supercritical pressure plant or a nuclear plant 
so impurities in the water can be removed by the 
demineralizer. Also, the gland steam condenser x. 
prcvided so as to ma.e use of condensed water of 
ch e gland steam whereby a more efficient system 
can be constructed. By all these constructions, 
th ere is obtained the feature that a guic* 
.eduction in the supply temperature and supply 
qua „tity of the moving blade cooling steam becomes 
possible . xl.o. the temperature of the steam 
aft er being used for the cooling, can be controlled 
„ ith less variation in the guantity of the cooling 
steam , and thereby a spare guantity of the 

, priqured and reliability auu 
available steam can be ensured 

~f fhe cooled blade, rotor and 
life elongation of the cooxe 

pipings can be realized. 



12 



- ■ « in addition to the 

in the invention (2 ) , m 

construction of the invention <1>. the combustor 
cooling system is sprayed with the water fro. the 
demineralizer by the water sprayer and thereby, in 

^t p effect of the invention (1) , the 
addition to the etrecc 

st eam temperature in the combustor cooling system 
can be set iower and the cooling efficiency can be 

further enhanced. 

In the invention (3), while the construction 
and effect of the stationary blade cooling system 
and the combustor cooling system are the same as 
those of the invention (1). the water spraying into 
th e moving blade cooling system is done by the 
water sprayer using the water taken from the 
condenser via the demineral izer , and this water 
spr ayed is taken from the system that x. 
independent of the waste heat recovery boiler. 
Thu s, the water to be sprayed is supplied from the 
upstream side of the waste heat recovery boiler, 
th ere are fewer impurities mixed in the cooling 
3t eam. that is, the purity of the cooling steam is 
enhanced, and the capability of preventing 

nidation of the pipings or the like is enhance.. 
X„ addition to the above effect, as in the 
invention ,1). such a demineral i zer as is usually 
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used for removing dissolved minerals in the 
condenser of a supercritical pressure plant or a 
nuclear plant is used, whereby impurities in the 
water can be removed. Also, the gland steam 

condenser is provided so as to make use of 
condensed water of the gland steam also and thereby 
a more efficient system can be constructed. 

By such construction, there is obtained the 
feature that a quicker reduction in the supply 
temperature and supply quantity of the moving blade 
cooling steam becomes possible. Also, the 

temperature of the steam, after being used for the 
cooling, can be controlled with less variation in 
the quantity of the cooling steam and thereby a 
spare quantity of the available steam can be 
ensured and reliability and life elongation of the 
cooled blade, rotor and pipings can be realized. 

In the invention (4), the water supply passage 
to the water sprayer in the invention (3) enters 
the waste heat recovery boiler before the water 
enters the water sprayer. The water is heated at 
the economizer in the waste heat recovery boiler 
and is sprayed into the moving blade cooling 
system. Hence, in addition to the effect of the 
invention (3), the temperature difference between 
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the steam and the water to be sprayed is made 
smaller and influences of the thermal stress in 
the pipings or the like can be reduced. 

In the invention (5), in addition to the 
construction of the invention (4), the water 
spraying system for spraying the water diverged at 
the outlet of the economizer into the combustor 
cooling system is provided. Hence, in addition to 
the effect of the invention (4), the temperature of 
the steam supplied into the combustor cooling 
system can be set lower and the cooling of the 
combustor can be done more efficiently. 

In the invention (6) , in addition to the 
construction of the invention (5) , the water 
spraying system for spraying the water diverged at 
the outlet of the economizer into the stationary 
blade cooling system is also provided. Hence, in 
addition to the effect of the invention (5), the 
temperature of the steam supplied into the 
stationary blade cooling system can be set lower 
and the cooling of the stationary blade also can be 
done more efficiently. 

In the invention (7), the drain separator is 
provided downstream of the water sprayer in each of 
the moving blade, stationary blade and combustor 
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cooling systems. Thereby, the water content in the 
steam is removed and the cooling in the inventions 
(3) to (6) can be done more effectively. 

In the invention (8), the filter is provided 
downstream of the drain separator in each of the 
moving blade, stationary blade and combustor 
cooling systems of the construction of the 
invention (7). Thereby, impurities in the water 
sprayed from the water sprayer are removed from the 
steam and hence, in addition to the effect of the 
invention (7), such shortcomings as clogging of the 
passages due to the impurities, like scales, in the 
cooling steam supplied into the respective cooling 
systems can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of a combined cycle gas 
turbine system of a first embodiment according to 
the present invention. 

Fig. 2 is a diagram of a combined cycle gas 
turbine system of a second embodiment according to 
the present invention. 

Fig. 3 is a diagram of a combined cycle gas 
turbine system of a third embodiment according to 
the present invention. 
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Fig. 4 is a diagram of a combined cycle gas 
turbine system of a fourth embodiment according to 
the present invention. 

Fig. 5 is a diagram of a combined cycle gas 
turbine system of a fifth embodiment according to 
the present invention. 

Fig. 6 is a diagram of a combined cycle gas 
turbine system of a sixth embodiment according to 
the present invention. 

Fig. 7 is a diagram of a combined cycle gas 
turbine system of a seventh embodiment according to 
the present invention. 

Fig. 8 is a diagram of a combined cycle gas 
turbine system of an eighth embodiment according to 
the present invention. 

Fig. 9 is a diagram of a combined cycle gas 
turbine system of a ninth embodiment according to 
the present invention. 

Fig. 10 is a diagram of a combined cycle gas 
turbine system in the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Herebelow, embodiments according to the 
present invention will be described concretely with 
reference to figures. 
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Fig. 1 is a diagram of a combined cycle gas 
turbine system of a first embodiment according to 
the present invention. In Fig. 1, the combined 
cycle gas turbine system of the first embodiment is 
constructed by a gas turbine 8, a waste heat 
recovery boiler 9 and a steam turbine 29. In the 
gas turbine 8, suction air is taken into a 
compressor 2 to be compressed to a predetermined 
pressure, and while the compressed air is partially 
used for cooling a gas turbine blade, the greater 
part thereof is led into a combustor 3 to be mixed 
with fuel for the generation of a high temperature 
gas. The high temperature gas enters a turbine 6 
to expand for work and the turbine output, after 
deduction of the compressor output is converted 
into an electric power at a generator 1. 

In the waste heat recovery boiler 9, outlet 
steam of a low pressure turbine 23 is converted 
into water from steam at a condenser 25. Then, the 
water is pressurized at a feed water pump 26 and is 
supplied into a gland steam condenser 250 to be 
added with water condensed from steam used for 
sealing of a gland portion and becomes low 
temperature water. This water is further led into 
a feed water heater 10 to be heated to become 
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saturated water. This saturated water is separated 
into three systems of water. The first one becomes 
saturated steam at a low pressure evaporator 11, 
becomes superheated steam at a low pressure 
superheater 15, and is then supplied to an inlet of 
the low pressure turbine 23. The second one is 
pressurized to a predetermined pressure at an 
intermediate pressure pump 28, becomes saturated 
water at an intermediate pressure economizer 12, 
becomes saturated steam at an intermediate pressure 
evaporator 14 and becomes superheated steam at an 
intermediate pressure superheater 16 and is then 
supplied into a transition piece of the combustor 3 
for cooling thereof, as will be described later. 
And the third one is pressurized to a predetermined 
pressure at a high pressure pump 27, becomes 
saturated water at a first high pressure economizer 
13 and a second high pressure economizer 17, 
becomes saturated steam at a high pressure 
evaporator 18, becomes superheated steam at a high 
pressure superheater 19 and is then led into a high 
pressure turbine 21. The mentioned superheated 
steam enters the high pressure turbine 21, an 
intermediate pressure turbine 22 and the low 
pressure turbine 23, respectively, to expand for 
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generating an output, and tMs output is converted 
into ele ctric power at a generator 24. 

In the present embodiment of Fig. 1. the 

► „ n,e cooled blade 51 in the 
portion corresponding to the cool 

in is divided into a steam 
prior art shown in Fig. 10 is 

blad e S3 and a steam cooled cluster transition 
pi eceS4. *s for the steam coded moving blade 52. 

f steam, after being 

in which the temperature of the 

Tina is low, outlet steam of the high 
used for cooling, is low, 

pres sure turbine 21 is partially exacted for 
cooling the steam coded moving blade via piping 
l09 and is sprayed with water at a water sprayer 

•v^ later to be supplied 
116 as will be described later, 

KlaHp 5 o via a moving 
into the steam cooled moving blade 

blad e cooling steam supply piP-S -3. The -earn 
h eated by cooling the steam cooled moving blade 2 
ls r ecovered into a middle portion of the reheater 
20 v ia a flow regulating valve IS* and moving 
blad e cooling steam recovery piping 104. 

A1S o, a fuel heater 202 is provided and the 
sys tem is so made that saturated steam, partially 

Ani .lp t of the lruen^^ 

extracted from an outlet 

n o flows through the fuel 

pressure economizer 12, 

niDinq 201 for heating fuel 7 and 
heater 202 via pxpmg 
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,„,., „f the feed water 
is then supplied to an inlet 

neater 10 via piping 203. By this arrangement 

is reduced. Thus, the gas turhine efficiency and 
the combined efficiency are enhanced. 

xl .o. outlet water of the high pressure pump 
27 is partially ta.en via piP^ 204 to he 
snppiied into a blade cooling air cooler «. « the 
blad e cooling air cooler 4. the water is heated by 
cooling air ta.en from the compressor 2. and the 
cooling air is cooled. The water is then recovered 
into an inlet of the high pressure evaporator 1 
vi a Piping 20S. By this arrangement, the heat 
„„ich has previously been discharged outside by a 

j fhe waste neat 

cooling fan is recovered into 

hoiler 9 and the combined efficiency is 
recovery boiler 

enhanced . 

Also , a flow regulating valve 115, « 
aeminerali.er US and a water sprayer 11. are added 
£ or partially extracting outlet water of the high 

„o 27 and controlling to spray the water 
pressure pump 27 ana 

for cooling the blade cooling steam. 

By this arrangement, the water spray rate is 
controlled by the flow regulating valve 11= and the 
supply temperature of the moving blade cooling 
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steam becomes adjustable more quickly than in the 
prior art. Also, such a demineral i zer 118 as is 
usually used for removing dissolved minerals in the 
condenser of a supercritical pressure plant or a 
nuclear plant is used and impurities in the water 
can be removed. 

Thus, a quicker reduction in the supply 
temperature and supply quantity of the moving blade 
cooling steam becomes possible. Also, the 

temperature of the steam, after being used for 
cooling, can be controlled with less variation in 
the quantity of the cooling steam. Hence, a spare 
quantity of the available steam is ensured and 
reliability and life elongation of the cooled 
blade, rotor and pipings can be ensured. 

Also, the system is so made that cooling steam 
for cooling the steam v cooled combustor transition 
piece 54 is taken from outlet steam of the 
intermediate pressure superheater 16 and is 
recovered into an inlet of the intermediate 
pressure turbine 22 via a flow regulating valve 
156 . 

By this arrangement, the flow rate of the 
cooling steam extracted from the outlet of the high 
pressure turbine 21 via the piping 109 is reduced 
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-•4-1, of the available steam 
and thereby a spare quantity of the 

can be ensured. 

A l.o. as the temperature of the steam cooled 

53 may be to some extent higher 
stationary blade 53 may 

than that of the »,in g Wade 52, outlet steam o£ 
the high pressure turbine 2! is extracted via 
piping 105 without being cooled to he supplied as 
it is into the stationary blade 53 for cooUn, 
thereof and the =tea. heated thereby is recovered 
in to an inlet of the intermediate pressure turbrne 

22 via piping 106. 

By this arrangement, while the temperature of 
the stationary blade cooling steam becomes higher 
than that of the moving blade cooling steam, there 
iB no reduction in the combined efficiency and a 

^Ai-^r nf the stationary 
reduction in the supply quantity of the 

bl ade and moving blade cooling steam becomes 
possible. Also, the temperature of the steam 
a£cer bei ng used for cooling, can be controlled 
uith le ss variation in the quantity of the cooling 

4-^+-^r nf the available 
steam. Thus, a spare quantity of 

and reliability and lite 

steam is ensured and 

of the cooled blade, rotor auu ^^r — =,- 
elongation of the cooic 

can be ensured. 

Xl.o. as flow regulating valves 153, 154, 155 
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an d 1S « are added and, by opening and dosing these 

steam of the moving blade, stationary blade and 

niece becomes adjustable, 
combustor transition piece 

hereby, not only in the rating time, but also in 
the partial ioad time, the temperature of the 

«n be controlled and 
respective recovery steam can be 

th ere is obtained effect ensuring the reliability 
and life eiongation of the moving and stationary 
bl ades, combustor transition piece, rotor and 
pipings. *s the respective flow regulating valves 
are opened, the flo» rate of the steam supplied 
increase3 end the temperature of the respective 
recovery steem is reduced. also, as 

respective flow regulating valves are closed h 
„„. rate of the steem supplied is reduced end 

of the respective recovery steem is 
temperature of the resp 

elevated. 

i-o the combined cycle gas 
Thus, according to tne 

tu rbine system of the first embodiment as described 
ahove, a guicKer reduction in the supply 
temperature and supply guantity of the moving bl 
cooling steam becomes possible. 

cooling, can be controlled with less variation in 
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the quantity of the cooling steam. Hence, a spare 
qu antity of the available steam is ensured and the 

■ •,-. life elongation of the cooled 

reliability and lire ei 3 

blade, rotor and pipings can be ensured. 

Pig . 2 is a diagram of a combined cycle gas 

-.™ of a second embodiment according to 
turbine system of a secon 

m the present second 
the present invention. In the P 

embodiment, as compared with the construction of 

the first embodiment shown in Fig. 1. the system is 

mad e so that a water spray system for a combustor 

transition piece cooling system is added. A. the 

construction and function of other portions are the 

same as those of the first embodiment shown in Fig. 

■Hon thereof is omitted and the featured 
1, description tnereui 

portion will be described. 

In Fig. 2, while water from the demineral izer 
H8 is supplied into the water sprayer 116 to be 
sprayed into piping 109 that leads outlet steam of 
the high pressure turbine 21. the water from the 
demineralizer 118 is diverged to be supplied into a 
water sprayer 261 via piping 260. It is sprayed 
into combustor transition piece cooling steam 
supply Piping 107 so as to adjust the temperature 
o£ the cooling steam for cooling the combustor 
transition piece 54 . 
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Thu s, when the flow rate of the water ta*e„ 
f rom the high pressure pump 27 is controlled by the 
£1 cw regulating valve 115, the spray rate of the 
water sprayers 116 and 251 oan be adjusted at the 
same time and the temperature of the steam for 
cooling the steam coded moving blade 52 and the 
ste am cooled combustor transition piece 54 can be 
appropriately controlled. 

I„ the present second embodiment, as in the 
£irs t embodiment, a quicker reduction in the supply 
temperature and supply quantity of the moving blade 
cooling steam becomes possible. Also, the 

temperature of the steam, after being used for the 
cooling, can be controlled with less variation xn 
th e quantity of the cooling steam. Hence, a spare 
q uantity of the availabie steam is ensured and 
reliability and life elongation of the coded 
bla de, rotor and pipings can be ensured. Moreover 
by providing the water sprayer 251, the cooling of 
the steam coded combustor transition piece 54 can 

as described above, 
be controlled appropriately, as 

Fig 3 is a diagram of a combined cycle gas 
turb ine system of a third embodiment according to 
the prese nt invention. In the present thxrd 

embodiment, as compared with the first embodiment 
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shown in Fig. 1. the system is so made that the 
water supply system for the water sprayer 116 is 
made independent o£ the waste heat recovery boiler 
9 , and a drain separator 114 is provided downstream 
of the water sprayer 116. It is to be noted that 
the drain separator 114 may not be necessarily 
provided. As the construction and (unction of 
other portions are the same as those of the first 
embodiment shown in Fig. 1, description thereof is 
omitted and the featured portion will be described. 

While, in the construction of Fig. 1. the 
wate r taken from the high pressure pump 27 is 
supplied into the water sprayer 116 via the flow 
regulating valve 115 and the demineralizer 118, in 
the third embodiment shown in Fig. 3, water 
condensed at the condenser 25 is partially taken by 
. feed water pump 252 to be led into the 
demineralizer 118 and then into the water sprayer 
116, provided at the same position as in Fig. 1. 
via Piping 261. Thus, the water supply system for 
the water sprayer 116 is made independent of the 
waste heat recovery boiler 9 and the water therefor 
is supplied from the condenser 25 of the turbine. 

in the present third embodiment also, as in 
the first embodiment, a quicker reduction in the 
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supply temperature and supply quantity of the 
m oving blade cooling steam beco.ee possible. Also, 
th e temperature of the steam, after being usee for 
cooling, oan be controlled with less variation x» 
the quantity of the cooling steam. Hence, a spare 

. -. v.1 c q f Pam is ensured and 
quantity of the available steam 

j life elongation of the cooled 
reliability and lite e±o y 

e n=ured. Moreover, 
blade, rotor and pipings can be ensured 

-F-^m the condenser 25, 
by taking the water from the 

a in the water flowing in the 
impurities mixed in the w 

piF ings or the like can be reduced. Thereby 
purity of the cooling steam is enhanced an 

of the pipings or the like can be 
oxidation of the 

prevented. 

Fig . 4 is a diagram of a combined cycle gas 

of a fourth embodiment according to 
turbine system of a tourcn 

in the present fourth 
the present invention. In 

•«-v, rhP third embodiment 
embodiment, as compared with the 

, while the construction to make the 
shown in Fig. 3, while c 

r-« m for the water sprayer 116 
water supply system for tn 

„ t- of the waste heat recovery boiler 9 is 
independent of the wa*= 

e water to be supplied into the water 
the same, water ^ 
sprayer H. flow- through an economizer 253 .« 

As the construction 
adjustment of the temperature. As tn 

of other portions are the same as 
and function of otner y 
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those of the third embodiment shown in Fig. 3, 
description thereof is omitted and the featured 
portion will be described. 

While, in the construction of Fig. 1, the 
water taken from the high pressure pump 27 is 
supplied into the water sprayer 116 via the flow 
regulating valve 115 and the demineral i zer 118, in 
the fourth embodiment shown in Fig. 4, as in the 
example of Fig. 3, water condensed at the condenser 
25 is partially taken by the feed water pump 252 to 
be led into the demineral i zer 118. In the present 
fourth embodiment, the water supplied into the 
demineral i zer 118 is further led into the 
economizer 253, which is provided in the waste 
heat recovery boiler 9, via piping 262 for 

adjustment of the temperature of the water, and is 
then supplied into the water sprayer 116, provided 
at the same position as in Fig. 1. Thus, the water 
for the water sprayer 116 is supplied from the 
condenser 25 of the turbine, not from, and 
independently of, the waste heat recovery boiler 9. 

In the present fourth embodiment also, as in 
the third embodiment, a quicker reduction in the 
supply temperature and supply quantity of the 
moving blade cooling steam becomes possible. Also, 
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the temperature of the steam, after being used for 
cooling, can be controlled with less variation in 
the quantity of the cooling steam. Hence, a spare 
quantity of the available steam is ensured and 
reliability and life elongation of the cooled 
blade, rotor and pipings can be ensured. Moreover, 
by taking the water from the condenser 25, 
impurities mixed in the water flowing in the 
pipings or the like can be reduced. Thereby, the 
purity of the cooling steam is enhanced and 
oxidation of the pipings or the like can be 
prevented. Also, as the water for the water 

sprayer 116 is supplied independently of the waste 
heat recovery boiler 9, but the temperature of the 
water is adjusted, or elevated, at the economizer 
253 provided in the waste heat recovery boiler 9, 
the temperature difference between the steam and 
the cold water at the time of mixing by the water 
spraying is made smaller and thermal stress caused 
at the time of the mixing can be suppressed. 

Fig. 5 is a diagram of a combined cycle gas 
turbine system of a fifth embodiment according to 
the present invention. In the present fifth 

embodiment, as compared with the fourth embodiment 
shown in Fig. 4, a water spray system and a drain 
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separator, both in the combustor transition piece 
cooling system, are added. As the construction and 
function of other portions are the same as those of 
the fourth embodiment shown in Fig. 4, description 
thereof is omitted and the featured portion will be 
described , 

In Fig. 5, water condensed at the condenser 25 
is partially taken by the feed water pump 252 to be 
led into the demineral i zer 118 and is further led 
into the economizer 253, provided in the waste heat 
recovery boiler 9, via the piping 262 for 
adjustment (elevation) of the temperature to be 
then supplied into the water sprayer 116 provided 
at the same position as in Fig. 1. Thus, the water 
for the water sprayer 116 is taken from the 
condenser 25 of the turbine, not from, and 
independently of, the waste heat recovery boiler 9. 
This construction as so far described is the same 
as that of the fourth embodiment of Fig. 4. 

Furthermore, in the fifth embodiment, the 
water at an inlet of the water sprayer 116 is 
diverged to flow into a water sprayer 254 via 
piping 263. At the water sprayer 254, the water is 
sprayed into the combustor transition piece cooling 
steam supply piping 107. A drain separator 114 is 
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provided downstream of the water sprayer 254 to 
thereby completely remove the water content of the 
steam and then the steam is supplied into the steam 
cooled combustor transition piece 54 for cooling 
thereof . 

In the present fifth embodiment also, as in 
the fourth embodiment, a quicker reduction in the 
supply temperature and supply quantity of the 
moving blade cooling steam becomes possible. Also, 
the temperature of the steam, after being used for 
cooling, can be controlled with less variation in 
the quantity of the cooling steam. Hence, a spare 
quantity of the available steam is ensured and 
reliability and life elongation of the cooled 
blade, rotor and pipings can be ensured. Moreover, 
by taking the water from the condenser 25, 
impurities in the water can be reduced to thereby 
prevent oxidation of the pipings or the like. 
Also, as the water for the water sprayer 116 is 
supplied independently of the waste heat recovery 
boiler 9, but the temperature of the water is 
adjusted, or elevated, at the economizer 253 
provided in the waste heat recovery boilex^ 9, the 
temperature difference between the steam and the 
cold water at the time of mixing by the water 
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spraying is made smaller and thermal stress caused 
at the time of the mixing can be suppressed. 
Furthermore, the temperature of the cooling steam 
for the combustor transition piece is adjusted to 
be reduced by the water sprayer 254 and the water 
content of this steam is removed by the drain 
separator 114. Hence, the cooling effect of the 
combustor transition piece is further enhanced. 

Fig. 6 is a diagram of a combined cycle gas 
turbine system of a sixth embodiment according to 
the present invention. In the present sixth 

embodiment, as compared with the fifth embodiment 
shown in Fig. 5, a water sprayer and a drain 
separator are added also to the steam cooled 
stationary blade cooling system. As the 

construction and function of other portions are the 
same as those of the fifth embodiment shown in Fig. 
5, description thereof is omitted and the featured 
portion will be described. 

In Fig. 6, water condensed at the condenser 25 
is partially taken by the feed water pump 252 to be 
led into the demineral i zer 118 and is further led 
into the economizer 253, provided in the waste heat 
recovery boiler 9, via the piping 262 for 
adjustment (elevation) of the temperature, then to 
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be supplied into 'the water sprayer 116 provided at 

th e same position as in Fig. 1. — ">« 

anraver lie is taken from the 
for the water sprayer 

, Qer 25 0 f the turbine, not from, and 
condenser 2. b oj. 

* t-v,o waste heat recovery boiler 9. 
independently of, the waste 

further, the water at an inlet of the water sprayer 
116 is diverged to flow into the water sprayer 

... At the water sprayer 254, the 
via the piping 263. At 

into the oombustor transition 
water is sprayed xnto t 

piece cooling steam supply piP«g 

separator 11, is provided downstream of the water 

^.nletelv remove water 
sprayer 254 to thereby completely 

content of the steam and then the steam is suppl, 

into the steam cooled oombustor transition p.ece 

for cooling thereof. 

while ch e construction described above L 
same as that of the fifth embodiment shown in 

sixth embodiment, tne 
5 in the present sixtn 

construction is so made that the water in the 
piping 2,3 is diverged to flow into a water spra e 

255 vi a Piping »« » - — d 
stationary blade cooling steam supply piP-g 105. 
Al .o. a drain separator 114 is provided downstream 
o£ the water sprayer 255 to thereby remove 
„ acer content of the steam and then the steam rs 
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supplied into' the' steam cooled stationary blade 53 

for cooling thereof. 

in the present sixth embodiment also, as in 
th. fi^h embodiment, a quicker reduction in the 
supply temperature and supply quantity of the 
moving blade cooling steam becomes possible. also, 
ch e temperature of the steam, after being used for 
cooling, can be controlled with less variation rn 
th e quantity of the cooling steam. Hence, a spare 
guantity of the available steam is ensured and 
Pliability and life elongation of the cooled 
bla de, rotor and pipings can be ensured. Moreover 
by taKing the water from the condenser 2S 
purities in the water can be reduced 
prevent oxidation of the pipings or 
xl .„. as the water for the water sprayer 116 
supplied independently of the waste heat recovery 
boi ler but the temperature of the water 

,„,.. d at the economizer 25i 
adjusted, or elevated, 

provided in the waste heat recovery bo.ler , 
temperature difference between the steam and the 

spr aying is made smaller and thermal stress cause, 
at the time of the mixing can be suppressed. 

. the temperature of the cooling 
Furthermore, the temp 
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steam for the combustor transition piece is 
adjusted to be reduced by the water sprayer 254 and 
the water content of this steam is removed by the 
drain separator 114. Hence, the cooling effect of 
the combustor transition piece is further enhanced. 
In addition to this effect, as the water in the 
piping 264 is sprayed into the stationary blade 
cooling steam by the water sprayer 255 and the 
water content of the cooling steam is removed by 
the drain separator 114, the temperature of the 
cooling steam is reduced and the cooling effect of 
the steam cooled stationary blade can be further 
enhanced . 

Fig. 7 is a diagram of a combined cycle gas 
turbine system of a seventh embodiment according to 
the present invention. In the present seventh 
embodiment, as compared with the sixth embodiment 
shown in Fig. 6, a filter is provided downstream of 
each of the three drain separators 114. As the 
construction and function of other portions are the 
same as those of the sixth embodiment shown in Fig. 
6, description thereof is omitted and the featured 
portion will be described. 

In Fig. 7, water condensed at the condenser 25 
is partially taken by the feed water pump 252 to be 
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le d into the'demineralizer 118 and is further led 
into the economizer 253, provided in the waste heat 
recovery boiler 9, via the piping 262 for 
adjustment (elevation) o£ the temperature to be 
C hen supplied into the water sprayer 116 provided 

-in Fia 1. Thus, the water 
at the same positaon as in Fig. 

iifi is taken from the 
for the water sprayer 116 is 

condenser 25 of the turbine, not from, and 
independently of, the waste heat recovery boiler 9. 

Hn the piping 109 is sprayed with the 
The steam m tne pxy-my 

wacer by the water sprayer 116, the water content 
of thi . steam is removed at the drain separator 
114 , and then the steam is supplied into the steam 

52 for cooling thereof via a 

cooled moving blade 

filter 256, as will be described below. 

sp rayer 116 is diverged to flow into the water 
sprayer 25, via the piping 263. At the water 
sprayer 25,, the water is sprayed into the 
combustor transition piece cooling steam supply 
piping 107. water content in the steam sprayed 
with the water is removed at the drain separator 
114 provided downstream of the water sprayer 254 

n ■ a nnt-n the steam cooled 
and the steam is supplied into 

•n«n niece for cooling thereof via 
combustor transition piece 
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a filter 257, as will be described below. 

Also, the water in the piping 263 is diverged 
to flow into the water sprayer 255 via the piping 
264 to be sprayed into the stationary blade cooling 
steam supply piping 105. Water content in the 
steam sprayed with the water is removed at the 
drain separator 114 provided downstream of the 
water sprayer 255 and then the steam is supplied 
into the stationary blade for cooling thereof via a 
filter 258, as will be described below. 

The construction and function described above 
are the same as those of the sixth embodiment shown 
in Fig. 6 except for the portions of the filters 
256 to 258. In the present seventh embodiment, 
drain of the steam sprayed with the water is 
removed at the drain separators 114 provided at the 
three places, and impurities of such sizes as cause 
clogging of the steam pipings are prevented by the 
filters 256 to 258 from coming into the portions to 
be cooled. The filters 256 to 258 are of a mesh 
of about 50 to 1000|i. 

In the present seventh embodiment also, as in 
the sixth embodiment, a quicker reduction in the 
supply temperature and supply quantity of the 
moving blade cooling steam becomes possible. Also, 
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the temperature of the steam, after being used for 
cooling, can be controlled with less variation in 
the quantity of the cooling steam. Hence, a spare 
quantity of the available steam is ensured and 
reliability and life elongation of the cooled 
blade, rotor and pipings can be ensured. Moreover, 
by taking the water from the condenser 25, 
impurities in the water can be reduced to thereby 
prevent oxidation of the pipings or the like. 
Also, as the water for the water sprayer 116 is 
supplied independently of the waste heat recovery 
boiler 9, but the temperature of the water is 
adjusted, or elevated, at the economizer 253 
provided in the waste heat recovery boiler 9, the 
temperature difference between the steam and the 
cold water at the time of mixing by the water 
spraying is made smaller and thermal stress caused 
at the time of the mixing can be suppressed. 

Furthermore, the temperature of the cooling 
steam for the combustor transition piece is 
adjusted to be reduced by the water sprayer 254 and 
the water content of this steam is removed by the 
drain separator 114. Hence, the cooling effect of 
the combustor transition piece is further enhanced. 
In addition to this effect, as the water in the 
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piping 264 is sprayed into the stationary blade 
cooling steam by the water sprayer 255 and the 
water content of the cooling steam is removed by 
the drain separator 114, the temperature of the 
cooling steam is reduced and the cooling effect of 
the steam cooled stationary blade can be further 
enhanced. 

Also, by providing the filters 256 to 258 
downstream of the drain separators 114, impurities 
in the steam are removed and hence the problem of 
causing the clogging of the pipings is solved and 
th e reliability of the cooling is remarkably 
enhanced . 

Fig . 8 is a diagram of a combined cycle gas 

of an eiqhth embodiment according to 
turbine system ot an exyuun 

- • m the present eighth 
the present invention. In tne y 

embodiment, as compared with the first embodiment 
shown in Fig. 1, the steam, after being used for 
cooling of the steam cooled stationary blade 53 and 
the combustor transition piece 54, is recovered not 
into the intermediate pressure turbine 22, but into 
the reheater 20. That is, the construction is made 
such that the three steams, after being used for 
the cooling of the steam cooled moving blade 52, 

v,l«rts 53 and the combustor 
the stationary blade 5J 
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transition piece 54, are joined together to be 
recovered into the reheater 20. The construction 
of other portions is the same as that of the first 

• ~ i and description thereof 
embodiment shown in Fig. 1 and aescrip 

is omitted. 

As the steam recovered into the reheater 20 is 
finally led into the intermediate pressure turbine 
22 the mentioned three steams are in any case 
mix ed before they enter the intermediate pressure 
turbine 22. If suppression of the pressure loss in 
the reheater 20 is considered, the mentioned steams 
are not necessarily recovered into the reheater 20, 
but in the present eighth embodiment, all of the 
three steams are first led into the reheater 20 to 
be mixed there in view of the relation of the 
arr an g ement of the moving blade, the stationary 
b lade and the combustor, as well as of the reheater 
20 and the intermediate pressure turbine 22. Thus, 

- n f the steam is made uniform in the 
the temperature of the steam 

pipings from the reheater 20 to the intermediate 
pressure turbine 22 and there the high temperature 
piping portions can be reduced and troubles caused 
by the non-uniform temperature can be prevented. 

Fig . 9 is a diagram of a combined cycle gas 
turbine system of a ninth embodiment according to 



41 



the present invention. While, in the first 

embodiment shown in Fig. 1. the steam, after being 
used for tooling of the steam oooled moving blade 
52, is reoovered into the reheater 20 via the flow 
regulating valve 154, in the present ninth 
embodiment, the construotion is made suoh that the 
st eam, after being used for the tooling of the 
moving blade, may be reoovered either into the 
intermediate pressure turbine 22 or into the 
reheater 20 via a three way valve 260. The 
construction of other portions is the same as that 
of the first embodiment shown in Fig. 1. m the 
present ninth embodiment also, by controlling the 
thre e way valve 260, the three steams used for the 
coding of the steam cooled moving blade 52, the 
stationary b!ade 53 and the combustcr transition 
piece 54, respectively, are mixed appropriately and 
can be supplied into the intermediate pressure 
turbine 22, and the same effect as in the 
abovementioned eighth embodiment can be obtained. 

It is to be noted as a matter of course that 
the constructions shown in Figs. 8 and 9 to mix the 

„ = for the cooling of the muving 
three steams used tor tne 

bl ade, the stationary blade and the combustor 
transition piece to be supplied into the reheater 
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20 can be also applied to the systems of the second 
to the seventh embodiments shown in Figs. 2 to 7 . 

While the preferred forms of the present 
invention have been described, it is to be 
understood that the invention is not limited to the 
particular constructions and arrangements herein 
illustrated and described but embraces such 
modified forms thereof as come within the scope of 
the appended claims. 
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